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REQUEST 
This proposal is to request the third increment of funding for program CME-8022366, 
"Pressure Velocity Correlation in Reacting Turbulent Flows". Substantial progress has been made in 
the past year on both the analytical and experimental fronts, and the work has been widely 
recognized. The dollar amount requested is in line with prior estimates. 
PROGRESS REPORT 
The program, as of this writing, has been underway for 21 months. Significant progress in 
theoretical and experimental work is as follows: 
1. The first known measurement of the p' v' correlation in a reactive turbulent flow 
has been accomplished by intrusive measurements on a premixed jet flame. Simultaneous 
stagnation pressure, temperature, and heat transfer (velocity) measurements were 
performed in a small measurement volume at various stations along the flame axis. 
2. The correlation is large and produces a contribution as mechanical work in the 
turbulent stress equations which cannot be ignored. 







. correlation has been developed. It has been checked in the constant density x 
limit for some classical flows and been found reasonable. It has been applied to a turbulent 
jet diffusion flame and found to bring excellent agreement between theory and experiment. 
4. The theoretical model predicts an intense source of turbulence in premixed, one-
dimensional flames, in accordance with experimental expectations. 
The three dimensional model for vk  " a 	x.1'  which is the correlation which directly appears 
in turbulence stress equations, represents a marked departure from past practice. This model is 
currently under peer review, but is bound to stir up some controversy. Its success, however, in the 
diffusion flame and premixed flame problems attest to its usefulness. Direct measurement of this 
quantity has proved elusive, however, because a gradient is involved. The derivative taxes intrusive 
measurement methods. In order to counter this limitation a new experimental rig has been 
constructed and is currently under checkout. In this rig, LDV will be employed for velocity 
measurements, and it is hoped that laser Rayleigh scattering may be used for density 
determination. The pressure measurement, as always, will have to be made intrusively. 
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Journal of Fluid Mechanics (in review). 
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PART II—SUMMARY OF COMPLETED PROJECT (FOR PUBLIC USE) 
A 	combined experimental-analytical 	program 	was conducted 	to 	investigate 	the 
importance of correlation between velocity and pressure fluctuations in turbulent reactive 
flows. Models were constructed for the pressure-velocity correlation, valid in flows with 
high mean strain rate and away from walls, and they showed a clear source of turbulence in 
premixed flames. When applied to data for an H..) - air diffusion flame, interesting features 
were explained which were not previously explainable. Two experimental configurations 
using propane-air premixed turbulent flames were used. Simultaneous sensing of 
temperature, static pressure and velocity was required and was accomplished with various 
combinations of heat flux, pitot and thermocouple probes along with laser velocimetry and 
Rayleigh molecular scattering. The fundamental conclusion was that correlation between 
pressure and velocity plays an important role in both premixed and non-premixed reacting 
turbulent flows. A necessary next step is the measurement of the correlation between 
velocity and pressure gradient, requiring a two-point measurement. 
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Dissertation abstracts generated in this program 
Measurement of Pressure-Velocity Correlations 
in Turbulent Reacting Flows 
Narayanan M. Komerath 
August, 1982 
The pressure-velocity correlation has long posed a major obstacle to 
the modeling of turbulent flows, due to difficulties in measuring fluctuating 
pressure and velocity simultaneously in a flow-field. Measurements in hot 
reacting flows encountered in propulsion devices require a new approach. 
Static pressure fluctuations and the pressure -velocity correlation are 
derived from simultaneous measurements of total pressure, heat transfer 
and temperature. A microphone Pitot probe has been developed and tested 
for this application. I-lot-film and cooled-film anemometer probes have been 
used to measure heat transfer. Coated platinum-rhodium fine-wire 
thermocouples have been used to measure temperature. 
Voltage signals from the probes, recorded simultaneously, are 
analyzed using a Fourier Analyzer System. The probe systems are treated as 
constant-parameter linear systems, and statistical time series analysis is 
employed to get power- and cross-spectra and the required correlations. 
Methods for digital frequency-response compensation of the signals are 
described. 
The response of the microphone probe is determined by dynamic 
calibration, while that of the thermocouples is derived from cross-spectral 
analysis of the raw data. Cooled-film response is computed from an 
analytical model. Velocity spectra are extracted from cooled-film spectra 
by cross-spectral analysis with a thermocouple signal. 
The simpler case of fully developed cold turbulent pipe flow was first 
studied. Reacting flow studies were then conducted using a premixed 
turbulent propane-air jet flame. Results obtained in both flows show that the 
pressure fluctuation is broad-band, and is of the order of the product of 
density, velocity, and r.m.s. velocity fluctuation. The pressure-velocity 
correlation is negative and the correlation coefficient is near unity. The 
correlation is of the same order as other terms in the turbulent kinetic 
energy equation. 
Analysis of Pressure Gradient-Correlation in 
Reactive Turbulent Flows 
Subhash B. S. Chandran 
May, 1984 
The correlation of pressure and velocity as it occurs in the turbulent 
stress equations is often neglected in the analysis of turbulent reacting 
flows. This is mainly because of the difficulties in modelling these 
correlations and the problems in determining these correlations 
experimentally. Modelling of the pressure-velocity correlations is made 
difficult due to the heat release and the ensuing dilatation. These same 
problems contribute to the difficulties in measuring pressure in reacting 
flows. An analytical study of planar premixed flames using models for the 
pressure correlations and an experimental determination of these 
correlations in a premixed flame are done here. 
The models are developed by expressing pressure in terms of the 
velocity field. This is done by obtaining a Poisson equation for a variable 
which depends on pressure and by solving the equation. Using this solution, 
the pressure-velocity correlation can be expressed in terms of velocity 
correlations. This model is used in the prediction of the flow field in a 
planar, turbulent, premixed flame. Both gradient and nongradient models are 
used in closing the governing equations. In both cases the pressure gradient-
velocity correlation is a source of turbulent kinetic energy and for values of 
the parameter, which controls the size of the model, of order unity the 
correlation overcomes the dilatation term and increases the turbulent 
kinetic energy through the flame. 
The experimental determination of the pressure-velocity correlation 
is carried out in an axysymmetric, premixed flame. Pressure is measured 
using a cooled pitot probe. A microphone sensor in the probe convertsthe 
total pressure fluctuations to voltage fluctuations. Since the total pressure 
fluctuations are dependent on velocity and temperature, they have to be 
obtained simultaneously with the pressure probe signals. Velocity is 
measured by a laser Doppler velocimeter and temperature by thermocouples. 
The pressure probe is calibrated for its response at different temperatures. 
All the signals are sampled and spectra are obtained by fast Fourier 
transform techniques. The correlation coefficient is obtained by the inverse 
transform of these spectra. 
The mean and rms velocities demonstrate local maxima in the flame 
zone. Near the flame, the turbulent flux of energy and momentum show 
existance of countergradient diffusion. The pressure gradient velocity 
correlations obtained from measurement are of the same order as the other 
source terms in the equations for turbulent stress. 
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Data on Scientific Collaborators 
Dr. Narayanan Komerath - Graduate Research Assistant, Post-doctoral 
Fellow and Research Engineer. 
Dr. Subhash B. S. Chandran - Graduate Research Assistant. 
Mr. Ronald E. Walterick - Research Engineer 
Technical Summary 
A combined experimental-analytical program was conducted to 
investigate the importance of correlation between velocity and pressure 
fluctuations in turbulent reactive flows. Models were constructed for the 
pressure-velocity correlation, valid in flows with high mean strain rate and 
away from walls, and they showed a clear source of turbulence in premixed 
flames. When applied to data for an H 2 - air diffusion flame, interesting 
features were explained which were not previously explainable. Two 
experimental configurations using propane-air premixed turbulent flames 
were used. Simultaneous sensing of temperature, static pressure and velocity 
was required and was accomplished with various combinations of heat flux, 
pitot and thermocouple probes along with laser velocimetry and Rayleigh 
molecular scattering. The fundamental conclusion was that correlation 
between pressure and velocity plays an important role in both premixed and 
non-premixed reacting turbulent flows. A necessary next step is the 
measurement of the correlation between velocity and pressure gradient, 
requiring a two-point measurement. 
